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DESCRIPTION 

SPUTTERING TARGET AND METHOD FOR PREPARATION THEREOF 

Technical Field 

The present Invention relates to a sputtering target 
and a method for preparation thereof, and In particular, to 
a large sputtering target that can be used In the production 
of large liquid crystal displays or the like and a method 
for preparation thereof. 

Background Art 

Recently, in order to Increase the size of liquid 
crystal displays and to reduce the cost, liquid crystal 
panel manufacturers use a glass substrate having a dimension 
larger than 1 m square for the liquid crystal displays. In 
the future, as the Increase in the size of displays advances, 
a glass substrate having a dimension of about 2 m square 
will also be used. 

Wiring layers in a liquid crystal display are formed by 
sputtering. In the sputtering, a sputtering target 
(hereinafter also simply referred to as a target) having a 
dimension slightly larger than a glass substrate is 
generally used. For example, when a wiring layer is formed 
on a glass substrate having a dimension of about 1,100 mm x 
1,250 mm, a very large target having a dimension of about 
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1,431 mm x 1,650 mm Is used. 

In general, sputtering must be satisfactorily performed 
without causing an abnormal discharge or the like, and in 
addition, a film having a uniform composition, a uniform 
thickness, and the like must be formed by sputtering. In 
order to satisfy these requirements, a sputtering target 
used must have a uniform composition, a uniform 
metallographic structure, and the like. 

The production of a sputtering target generally 
includes a method of producing a metallic material and a 
method of processing the resultant metallic material to form 
a predetermined shape . Exeimples of the method of producing 
a metallic material include melting and casting, powder 
molding, and spray forming. Examples of the method of 
processing the resultant metallic material include hot 
isostatic pressing (HIP), forging, rolling, and machining 
and these methods are used in combination. 

However, when a large sputtering target having a 
uniform composition and the like is produced, the following 
problems occur: Apparatuses may be limited in the above- 
described production, or when the sputtering target is 
produced with a large-scaled apparatus, a fine and uniform 
metallographic structure or the like cannot be obtained. 

For example, in a sputtering target containing an 
intermetallic compound dispersed in the metallographic 
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structure, the intermetallic compound is preferably 
dispersed finely and uniformly. When a metallic material Is 
produced by melting and casting. In general, quenching the 
molten metallic material Is required so as to disperse an 
Intermetallic compound finely and uniformly. However, in 
producing a large target, a satisfactory quenching effect is 
difficult to be achieved because of an excessive amount of 
the molten material. Therefore, it is difficult to disperse 
the intermetallic compound finely and uniformly. In 
addition, the manufacturing apparatus is limited in view of, 
for example, the size and the shape of an ingot. 

When a metallic material is produced by powder molding 
or spray forming, a subsequent HIP treatment is required to 
densify the metallic material. However, in producing a 
large metallic material, the size of the metallic material 
to be formed is disadvantageously limited because of the 
restriction of an apparatus for HIP. 

Hitherto, in a trial for producing a large target 
(thickness: about 6 to about 20 mm), a method of welding two 
metal sheets with a welding rod has been studied. Also, 
electron beeun welding, laser welding, and the like have been 
studied as welding methods that do not require a welding rod. 

However, in these methods, the entrapment of a welding 
gas or the entrapment of an oxide formed on the surface of a 
metal sheet causes defects. In addition, the joined portion 
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is melted and solidified, and consequently, the structure of 
crystal grains is coarsened, compared with the non-molten 
portion. Therefore, the use of such a target causes a 
problem of arcing during sputtering. Furthermore, in the 
above methods, the crystal grains are coarsened and the 
crystal orientation is also significantly changed at the 
same time. When such a target having an uneven cjcystal 
orientation is used in sputtering, the sputtering rate is 
changed. Consequently, a stable film thickness cannot be 
obtained* 

A method for joining metallic materials includes not 
only the above welding method but also a friction stir 
welding (FSW) method. For example, according to a document 
of "Behavior of oxide in joined portion during friction stir 
welding of aluminum alloy and its influences on mechanical 
properties" (Yousetsu Gakkai Ronbunshu (Quarterly Journal of 
the Japan Welding Society), August 2001, Vol. 19, No. 3, pp. 
446-456), by this FSW method, an aluminiom alloy is joined by 
a frictional heat caused by rotation between a rotating tool 
and a joining material and the plastic flow at a temperature 
lower than the melting point. Also, in the above document, 
from the viewpoint that an oxide film on the surface of the 
joining material is easily entrapped in the joined portion, 
a tensile test, a bending fatigue test, and the like in the 
joined portion were performed to investigate the effect of 
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the oxide on the mechanical properties of the joined portion. 
The document describes the results of the mechanical 
properties . 

According to a document of "FSW having an increasing 
number of applications" (Yousetsu Gijyutsu (Welding 
Technology), June 2002, pp. 67-78), the friction stir 
welding method is applied in the fields of ships and marine 
structures, railroad vehicles, space aeronautics, and the 
like, and high mechanical strength in a joined portion, 
which cannot be achieved by the conventional welding methods, 
can be ensured. 

In these documents, the improvement of mechanical 
properties in a joined portion is investigated in order that 
a joined material is used as structural elements in the 
fields of ships and marine structures, railroad vehicles, 
space aeronautics, and the like. However, these studies do 
not target a sputtering target with which a satisfactory 
sputtering can be performed without causing an abnormal 
discharge, and a film having a uniform composition, 
thickness, and the like can be formed. Therefore, it is 
assumed that further studies are required in order to apply 
the above friction stir welding method to the preparation of 
a sputtering target. 

In view of the above situation, it is an object of the 
present invention to provide a sputtering target prepared by 



the butt joining of metal sheets being made of the same 
material, wherein even when the target is applied to a large 
sputtering target, the particle diameter and the dispersion 
state of metallic crystals or an intermetallic compound in a 
joined portion are approximately the seone as those in a non- 
joined portion of the target. 

Disclosure of Invention 

The sputtering target according to the present 
invention that can solve the above problems is prepared by 
the butt joining of metal sheets being made of the same 
material and has the following features (1) to (4). 

(1) An intermetallic compound in a joined portion has 
an average particle diameter of 60% to 130% of the average 
particle diameter of the intermetallic compound in a non- 
joined portion. 

(2) The average distance between adjacent intermetallic 
compound particles in a joined portion is 60% to 130% of the 
average distance between adjacent intermetallic compound 
particles in a non- joined portion. 

(3) The average of the grain diameter of metallic 
crystals in a joined portion is 20% to 500% of -the average 
of the grain diameter of metallic crystals in a non- joined 
portion . 

(4) No dendritic structure is generated in a joined 



portion. 

Examples of the material of the sputtering target of 
the present invention include one element selected from the 
group consisting of aluminum « an aluminum alloy, copper, a 
copper alloy, silver, and a silver alloy. When the 
sputtering target of the present invention is applied to a 
target having a planar area of 1 m^ or more, the advantages 
of the present invention can be satisfactorily exhibited. 

The present invention also specifies a method for 
preparation of a sputtering target. The method includes a 
step of joining metallic materials being made of the same 
material by friction stir welding. During the joining, the 
moving distance of a rotating tool is preferably 0.3 to 0.45 
mm per revolution. Annealing is preferably performed after 
the joining. Furthermore, in the present invention, a 
metallic material prepared by spray forming is preferably 
used because a sputtering target having a uniform 
composition and the like is easily produced. The present 
invention also includes a sputtering target prepared by the 
above method. 

Brief Description of the Drawings 

Fig. 1 is a schematic perspective view showing a 
friction stir welding method performed in Examples. 

Fig. 2 is a schematic cross -sectional view showing a 
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rotating tool used in Examples. 

Fig. 3 is a cross -sectional view schematically showing 
the state of a joining material (i.e., metal sheet) after 
joining. 

Best Mode for Carrying Out the Invention 

Under the above-described situation, the present 
inventors have investigated the particle diameter and the 
dispersion state of metallic crystals or an intermetallic 
compound in a joined portion and a non- joining portion of a 
sputtering target prepared by the butt joining of metal 
sheets being made of the seune material. The investigation 
has been performed so that even when the target is applied 
to a large sputtering target, a satisfactory sputtering 
property is provided (for example, an abnormal discharge 
does not occur) during sputtering, and in addition, the 
resultant film has a uniform thickness and the like. As a 
result, the present inventors have found that the following 
requirements (1) to (4) should be satisfied, and thus the 
present invention has been made. 

(1) In a target containing an intermetallic compound 
dispersed in the metallographic structure, the intermetallic 
compound in a joined portion has an average particle 
diameter of 60% to 130% of the average particle diameter of 
the intermetallic compound in a non- joined portion. 
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The reason for this is as follows* When the average 
particle diameter of the intermetallic compound in a joined 
portion exceeds 130% relative to that of the intermetallic 
compound in a non- joined portion, a large intermetallic 
compound is present in the joined portion, resulting in a 
problem of, for example, increasing in the variation in the 
film thickness during sputtering. The average particle 
diameter of the intermetallic compound in a joined portion 
is preferably 120% or less, more preferably, 110% or less of 
the average particle diameter of the intermetallic compound 
in a non- joined portion. 

When the size of the intermetallic compound in a joined 
portion is excessively smaller than that in a non- joined 
portion, the above problem occurs. Accordingly, the average 
particle diameter of the intermetallic compound in a joined 
portion is at least 60%, preferably at least 70%, and more 
preferably at least 80% of the average particle diameter of 
the intermetallic compound in a non- joined portion. In the 
most preferable case, the average particle diameter of the 
intermetallic compound in a joined portion is the same 
(100%) as the average particle diameter of the intermetallic 
compound in a non- joined portion. 

( 2 ) In a target containing an intermetallic compound 
dispersed in the metallographic structure, the average 
distance between adjacent intermetallic compound particles 
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in a joined portion is 60% to 130% of the average distance 
between adjacent intermetallic compound particles in a non- 
joined portion. 

The reason for this is as follows. When the average 
distance between adjacent intermetallic compound particles 
in a joined portion exceeds 130% relative to the average 
distance between adjacent intermetallic compound particles 
in a non- joined portion, the intermetallic compound 
particles are sparsely dispersed. Vlhen a target having such 
a structure is used, the variation in the thickness of the 
resultant film is easily Increased and a film having a 
uniform composition is not easily obtained. The average 
distance between adjacent intermetallic compound particles 
in a joined portion is preferably 120% or less, more 
preferably 110% or less, relative to the average distance 
between adjacent intermetallic compound particles in a non- 
joined portion. 

When the average distance between adjacent 
intermetallic compound particles in a joined portion is 
excessively smaller than the average distance between 
adjacent intermetallic compound particles in a non- joined 
portion, the above problem occurs. Accordingly, the average 
distance between adjacent intermetallic compound particles 
in a joined portion is at least 60%, preferably at least 70%, 
and more preferably at least 75% of the average distance 
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between adjacent intermetallic compound particles in a non- 
joined portion* In the most preferable case, the average 
particle dicuneter of the intermetallic compound in a joined 
portion is the same (100%) as the average particle diameter 
of the intermetallic compound in a non- joined portion. 

(3) In a target that does not contain an intermetallic 
compound in the metallographic structure, the average of the 
grain dieuneter of metallic crystals in a joined portion is 
20% to 500% of the average of the grain diameter of metallic 
crystals in a non- joined portion. 

The reason for this is as follows. When the average of 
the grain diameter of metallic crystals in a joined portion 
exceeds 500% of the average of the grain diameter of 
metallic crystals in a non-joined portion, the metallic 
crystal grains in the joined portion are significantly 
coarsened, compared with those in the non-joined portion. 
When such a target is used in sputtering, the sputtering 
rate is changed. Consequently, for example, a stable film 
thickness cannot be obtained. The average of the grain 
diameter of metallic crystals in a joined portion is 
preferably 250% or less, more preferably 200% or less, of 
the average of the grain diameter of metallic crystals in a 
non- joined portion. 

When the grain diameter of metallic crystals in a 
joined portion is excessively smaller than the grain 
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diameter of metallic crystals in a non- joined portion, the 
above problem occurs. Accordingly, the average of the grain 
diameter of metallic crystals in a joined portion is at 
least 20%, preferably at least 40%, and more preferably at 
least 50% relative to the average of the grain diameter of 
metallic crystals in a non- joined portion. In the most 
preferable case, the average of the grain diameter of 
metallic crystals in a joined portion is the seune (100%) as 
the average of the grain dicuneter of metallic crystals in a 
non- joined portion. 

(4) Regardless of the presence or absence of an 
intermetallic compound in the metallographic structure, no 
dendritic structure is generated in a joined portion. 

In the butt joining of end faces of metal sheets by a 
known welding method, a dendritic structure is easily 
generated when a joined portion is melted is then solidified. 
The use of a target having such a structure is not 
preferable because the thickness of the resultant film is 
easily varied, and in addition, the composition of the film 
is not uniform. 

For example, a sputtering target of the present 
invention is composed of one element selected from the group 
consisting of aluminum, an aluminum alloy, copper, a copper 
alloy, silver, and a silver alloy. Examples of the aluminum 
alloy, the copper alloy, and the silver alloy include alloys 



of aluminum, copper, or silver each containing an element 
such as a transition metal element; a rare earth element, 
e.g., Nd; or Bl In order to provide advantages such as heat 
resistance and corrosion resistance. 

When the sputtering target of the present Invention is 
used as a large target having a planar area of 1 m^ or more, 
the advantages of the present Invention can be 
satisfactorily exhibited. The shape of the target includes 
sheets having a planar area of a square, a rectangle, a 
circle, or an ellipse. 

In order to produce a sputtering target prepared by the 
butt joining of metal sheets being made of the same material, 
wherein the particle diameter and the dispersion state of an 
intermetallic compound or the grain diameter of metallic 
crystals in a joined portion is approximately the same as 
those in a non- joined portion, it is very effective to use a 
friction stir welding method in the joining. Unlike 
conventional welding methods, in the friction stir welding 
method, as described above, a joined portion is not melted 
during joining and the plastic flow just occurs at a 
temperature lower than the melting point. Therefore, the 
coarsening of the metallic crystals in the joined portion is 
suppressed. Also, when an intermetallic compound is 
contained, the coarsening of the intermetallic compound is 
suppressed. Thus, a metallographic structure in the joined 
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portion approximately the same as that in a non- joined 
portion can be provided. 

Specifically, for example, a friction stir welding is 
performed as follows. As shown in Fig. 1, which will be 
described below, a rotating tool 1 is screwed in a butted 
portion of materials 2 to be joined. The rotating tool 1 is 
composed of a material harder than that of the materials 2 
to be joined. The rotating tool 1 is moved on the butted 
portion (i.e., joining line) of the materials 2 to be joined 
while rotating, thus generating frictional heat. The 
frictional heat softens a metal disposed at the peripheral 
part of the rotating tool 1 to generate a plastic flow. 
Thus, the materials 2 are joined. 

As a condition for the above friction stir welding, the 
moving distance of the rotating tool used during joining is 
preferably 0.3 to 0.45 mm per revolution. When the moving 
distance per revolution of the rotating tool is excessively 
short, in other words, when the travel speed of the rotating 
tool is low and stirring at the same region becomes 
excessive, the temperature at the plastic flow region 
increases and a transformed structure is generated outside 
of the region. On the other hand, when the moving distance 
per revolution of the rotating tool is long, in other words, 
when the travel speed of the rotating tool is high, an 
excessive load is applied to the rotating tool and 
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unevenness of processing Is generated. 

When a tool having a shape shown in Fig . 2 , which will 
be described below, is used as the rotating tool, during 
joining, the rotating tool 1 is preferably tilted by 3" to 
5** relative to the plane of the materials (metal sheets) 2 
to be joined so that a part of shoulder 6 is tilted in the 
direction opposite to the traveling direction. In addition, 
the clearance between the materials 2 to be joined is 
preferably 0.03 mm or less during joining. 

In the friction- stirred portion where a rotating tool 
has passed through during joining, the crystal orientation 
is changed because of the plastic flow. Therefore, a trace 
of stirring distinctly appears on the surface after 
sputtering. Accordingly, in order to prepare a target 
having a flat face and a good appearance, the target is 
preferably annealed so that the region that has been 
subjected to a high deformation by the plastic flow is 
recrystallized. Thus, the extreme change in the crystal 
orientation in the plastic flowing region should be reduced 
to remove the trace of stirring. From the viewpoint of 
improving the recrystallization and preventing the 
coarsening of crystal grains , the annealing is preferably 
performed at, for example, 200° C to 300** C for a pure 
aluminum target, 250** C to 500* C for an aluminum alloy target, 
400* C to 500*C for a pure silver target, 450** C to 700' C for 
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a silver alloy target, 400^*0 to 550** C for a pure copper 
target, and 450* C to 750'C for a copper alloy target. In 
order to completely remove the trace, the annealing time is 
preferably two hours or more. The annealing time is 
preferably 5 hours or less because an excessively long 
annealing time coarsens the crystal grain. 

The metallic material used in the production of a 
sputtering target is preferably prepared by spray forming 
because the metallic material has more uniform composition 
or the like, compared with a metallic material prepared by 
casting or powder molding. In an example of the above spray 
forming method, a molten material is dropped from a nozzle 
having a diameter of a few millimeters, a gas such as N2 gas 
is sprayed in the middle of dropping so as to pulverize the 
material, and an intermediate material (density: about 50% 
to about 60%) called a preform is formed before the powdery 
material is completely solidified. 

The present invention does not specify the conditions 
for other production processes such as HIP, forging, and 
rolling, and these processes may be performed under normal 
conditions. In an example of a method for preparing a 
sputtering target, a metallic material prepared by the spray 
forming is densified with a HIP apparatus, and is then 
forged to form a metallic material sheet. Furthermore, the 
sheet is rolled so that the thickness of the sheet is 
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approximately the same as that of the target to be formed. 
Subsequently, two metal sheets prepared by the same method 
are butted each other and are Joined by friction stir 
welding as described above. According to this method, even 
a large target having a uniform particle dieuneter and 
uniform dispersion state of metallic crystals or an 
intennetallic compound can be prepared without limitation of 
apparatuses or the like. 

Examples 

The present invention will now be described more 
specifically along with examples* The present invention is 
not limited to the following examples, and can be embodied 
with appropriate modifications so long as the modifications 
fit the purposes described above and below. These 
modifications are also included in the technical scope of 
the present invention. 

< EXAMPLE 1> 

[Preparation of targets in Example (1) of the present 
invention] 

An alloy material of Al-2 at% Nd was prepared by spray 
forming, and the alloy material was then densified by 
pressing at high temperature and high pressure. 
Subsequently, the resultant material was forged and rolled 
to prepare metal sheets each having a dimension of 13.5 mm 



(in thickness) x 730 mm x 1,710 mm. Two metal sheets having 
the same dimension were prepared. As shown in Fig. 1, the 
sides of 1,710 mm were butted and joined by friction stir 
welding . 

The friction stir welding was performed as follows. 
Specifically, as shown in Fig. 2, a rotating tool 1 in which 
the diameter of a large diameter part 3 was 10 mm, the 
dicimeter of a small diameter part 4 was 8 mm, a rotating 
tool length 5 was 12.5 mm, and the diameter of a shoulder 6 
was 20 mm was used in the Joining. 

During Joining, the rotating tool 1 was tilted by 4* 
relative to the plane of materials (metal sheets) 2 to be 
Joined so that the part of the shoulder 6 was tilted in the 
direction opposite to the traveling direction. In this 
state, the rotating tool 1 was screwed in a butted portion 
of the two materials (metal sheets) 2 to be Joined. As 
shown in Fig. 1, the rotating tool 1 was moved on the butted 
portion of the materials 2 to be Joined while rotating. 

The revolution speed of the rotating tool 1 was 1,000 
rpm, and the traveling speed of the rotating tool 1 was 400 
mm/min (accordingly, the moving distance per revolution of 
the rotating tool 1 was 0.4 mm). As shown in Fig. 3, the 
height of the rotating tool 1 was adjusted so that the depth 
of a plastic flow portion 7 was about 13 mm and the 
remaining portion, which was not Joined, was about 0.5 mm in 
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the thickness of the sheet of 13.5 mm. 

The calculated dimension of the sheet after joining was 
13.5 mm (In thickness) x 1,460 mm x 1,710 mm. However, a 
portion where the rotating tool 1 was Inserted (I.e., the 
Initial portion of joining) and a portion where the rotating 
tool 1 was pulled out (I.e., the end portion of joining) 
could not be used as a product because these portions were 
regions processed by excessive heat. Consequently, the 
effective dimension of the metal sheet after joining was 
13.5 mm (In thickness) x 1,460 mm x about 1,680 mm. 

Subsequently, the joined metal sheet was annealed In a 
heat-treating furnace at 450** C for 2 hours. Another joined 
metal sheet that was not annealed was also prepared. In 
each of the metal sheets, 1 mm of the joined surface and 2.5 
mm of the other surface Including the remaining portion, 
which was not joined, were ground. Thus, targets each 
having a thickness of about 10 mm were prepared. 

[Observation of structure of target In Exeunple (1) of 
the present Invention] 

The surface (of the joined side) of the resultant 
target (the annealed target) was observed with an electron 
microscope. In a non- joined portion on the surface, 30 
Intermetallic compound particles were observed per field of 
view. Also, in a joined portion on the surface, 30 
intermetallic compound particles were observed per field of 
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view. The particle diameters of intermetallic compound 
particles each having a diameter of at least 1 \un, and the 
nearest -neighbor distances between intermetallic compound 
particles each having a diameter of at least 1 ^m were 
measured to calculate each average. Table 1 shows the 
results . 
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As shown in Table 1 , the average diameter of the 
intermetallic compound particles each having a diameter of 
at least 1 ^m in the non- joined portion was 1.5 \m, whereas 
that in the joined portion was 1.3 pm. The average diameter 
of the intermetallic compound particles in the joined 
portion was 87% of the average diameter of the inteirmetallic 
compound particles in the non- joined portion. 

The average distance between intermetallic compound 
particles each having a diameter of at least 1 (jim in the 
non- joined portion was 4.3 pm, whereas that in the joined 
portion was 3.3 jun. The average distance between adjacent 
intermetallic compound particles in the joined portion was 
77% of the average distance between those in the non- joined 
portion . 

These results showed that the average diameter of the 
intermetallic compound particles and the average distance 
between intermetallic compound particles in the joined 
portion were approximately the same as those in the non- 
joined portion. 

[Sputtering experiment using targets in Example (1) of 
the present invention] 

Sputtering was performed using the above annealed 
target and the target that was not annealed, and the 
surfaces after sputtering were observed. The sputtering was 
performed with a DC magnetron sputtering apparatus. During 
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sputtering, the pressure of argon gas was 2 mTorr, the power 
(electric power) density was 6.4 W/cm^, and the distance 
between a substrate and the target was 62 nun. Sputtering 
was performed under these conditions for 3 hours, the 
surface of each target was then visually observed. The 
result showed that, on the annealed target, the trace of the 
rotating tool was reduced, compared with the trace of the 
rotating tool on the target that was not annealed. 

In addition. In order to evaluate the sputtering 
stability, the count of abnormal discharges was measured. 
As a result , the count of abnormal discharges In this 
example was smaller than that in Comparative Example ( 1 ) , 
which will be described below. Furthermore, in films formed 
with the targets of the present invention, the variation in 
the film thickness was within the range of the average ± 3%. 
Thus, films having an approximately uniform thickness were 
formed. 

[Preparation of target in Comparative Example (1)] 
A sputtering target was prepared as in Example 1 
including annealing except that the joining was performed by 
electron beam (EB) welding. In the EB welding, the degree 
of vacuum was 1 x 10"^ Torr, a negative electrode having a 
diameter of 4 mm was used, the accelerating voltage was 60 
kV, the beeim current was 75 mA, and the welding speed was 
400 mm/min. 



[Observation of structure of target in Comparative 
Example ( 1 ) ] 

The surface (of the joined side) of the sputtering 
target (the annealed target) prepared by joining by electron 
beam welding was observed with an electron microscope as in 
Example (1) of the present invention. The average of 
particle diameters of intermetallic compound particles each 
having a diameter of at least 1 \m and the average of 
nearest -neighbor distances between intermetallic compound 
particles each having a diameter of at least 1 jim were 
calculated. Table 1 includes the results. 

Referring to Table 1 , the average diameter of the 
intermetallic compound particles each having a diameter of 
at least 1 ^m in the non- joined portion was 1.5 [ua, whereas 
that in a joined portion (i.e., molten portion) was 32.6 jim. 
The average diameter of the intermetallic compound particles 
in the joined portion (molten portion) exceeded 20 times 
(2,000%) of the average diameter of intermetallic compound 
particles in the non- joined portion. This result showed 
that the coarsening significantly proceeded. 

The average distance between intermetallic compound 
particles each having a disimeter of at least 1 (im in the 
non- joined portion was 4.3 [xm, whereas that in the joined 
portion (molten portion) was 29 jjim. The average distance 
between adjacent intermetallic compound particles in the 



joined portion (molten portion) was 674% of the average 
distance between those in the non- joined portion. Thus, the 
intermetallic compound particles were significantly sparsely 
dispersed. In addition, it was confirmed that a part of the 
structure in the joined portion (molten portion) was a 
dendritic structure . 

[Sputtering experiment using target in Comparative 
Example ( 1 ) ] 

In order to evaluate the sputtering stability, the 
count of abnormal discharges was measured. In the same 
integral discharging power consumption as that in Exeunple 
(1) of the present invention, the count of abnormal 
discharges was larger than that in Example ( 1 ) of the 
present invention. The possible reason was that the surface 
of the target in Comparative Example (1) had large 
irregularities because of the coarsening of the 
intermetallic compound. 

In a film formed with the target in Comparative Example 
(1), the variation in the film thickness was represented by 
the average ± 5%, which was larger than that in Example (1) 
of the present invention. 

< EXAMPLE 2> 

[Preparation of targets in Example (2) of the present 
invention] 

Next, targets were prepared using a material in which 
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an intermetallic compound was not precipitated. In this 
experiment, an alloy material of Ag-1 at% Bi-0.9 at% Cu was 
prepared by melting and casting. The resultant material was 
forged and rolled to prepare metal sheets for joining each 
having a dimension of 11 mm (in thickness) x 650 mm x 1,180 
mm. As in Fig. 1, the sides of 1,180 mm of the two metal 
sheets were butted and joined by friction stir welding under 
the same conditions as those in Example 1 . 

The calculated dimension of the sheet after joining was 
13.5 mm (in thickness) x 1,180 mm x 1,300 mm. However, a 
portion where the rotating tool 1 was inserted (i.e., the 
initial portion of joining) and a portion where the rotating 
tool 1 was pulled out (i.e., the end portion of joining) 
could not be used as a product. Consequently, the effective 
dimension of the metal sheet after joining was 13.5 mm (in 
thickness) x 1,180 mm x about 1,270 mm. 

Subsequently, the joined metal sheet was annealed in a 
heat-treating furnace at 450** C for 2 hours. Another joined 
metal sheet that was not annealed was also prepared. In 
each of the metal sheets, 1 mm of the joined surface and 2.5 
mm of the other surface including the remaining portion, 
which was not joined, were ground. Thus, targets having a 
thickness of about 10 mm were prepared. 

[Observation of structure of target in Example (2) of 
the present invention] 
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The surface (of the joined side) of the resultant 
target (the annealed target) was observed with an electron 
microscope* The length of major axis and the length of 
minor axis of metallic crystals were measured. In a non- 
joined portion on the surface, 30 metallic crystals were 
measured. Also, In a joined portion on the surface, 30 
metallic crystals were measured. The average calculated 
from the length of major axis and the length of minor axis 
was defined as a crystal grain diameter. Table 2 shows the 
results . 
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Example (2) of the 


Comparative 




present invention 


Example (2) 




Non- joined 


Joined- 


Molten 


No. 


portion 


portion 


portion 


Crystal 


Crystal 


Crystal 




grain 


grain 


grain 




diameter 


diameter 


diameter 






(tun) 




1 


31.6 


135 


925 


2 


50 


140 


1.295 


3 


48.7 


65.6 


1,203 


4 


63.1 


124 


879 


5 


36.8 


141 


463 


6 


55.2 


57 


1,249 


7 


43.4 


113 


786 


8 


68.4 


110 


1,008 


9 


52.6 


91.2 


749 


10 


42.1 


102 


867 


11 


73.6 


104 


348 


12 


50 


71.3 


888 


13 


51.3 


89.8 


1,036 


14 


65.8 


162 


1,129 


15 


52.6 


102 


944 


16 


73.6 


107 


1,055 


17 


44.7 


150 


759 


18 


57.9 


74.8 


490 


19 


50 


77 


592 


20 


23.7 


110 


833 


21 


34.2 


75. 5 


1,064 


22 


21 


147 


842 


23 


36.8 


152 


666 


24 


44.7 


81.2 


676 


25 


55.2 


117 


574 


26 


27.6 


101 


786 


27 


35 . 5 


145 


944 


28 


26 . 3 


72.8 


916 


29 


44.7 


69.8 


1,101 


30 


27.6 


123 


638 


Average 


46.3 


107 


856.8 
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As shown in Table 2 , the average of the grain diameter 
of metallic crystals In the non- joined portion was 46.3 \jm, 
whereas that In the joined portion was 107 )jun. Accordingly, 
the average of the grain diameter of metallic crystals In 
the joined portion was 231% of the average of that In the 
non -joined portion. This result showed that the coarsening 
was suppressed, compared with that In Comparative Example 
(2), which will be described below. 

[Sputtering experiment^ using target In Example (2) of 
the present Invention] 

In order to evaluate the sputtering stability, the 
count of abnormal discharges was measured. In the same 
Integral discharging power consumption as that In the 
following Comparative Example (2), the count of abnormal 
discharges was smaller than that In Comparative Example (2). 
Furthermore, when sputtering was performed with the target 
of the present Invention, the variation In the film 
thickness was represented by the average ±5%. A film 
having more uniform thickness was obtained, compared with a 
film In the following Comparative Example (2). 

[Preparation of target In Comparative Example (2)] 

A sputtering target was prepared as In Example (2) of 
the present Invention except that the joining was performed 
by electron beam (EB) welding. The EB welding was performed 
under the same conditions as those in Comparative Example 



(1) . 

[Observation of structure of target in Comparative 
Example ( 2 ) ] 

The surface (of the Joined side) of the resultant 
sputtering target (the annealed target) was observed with an 
electron microscope as in Example (2) of the present 
invention. The length of major axis and the length of minor 
axis of each metallic crystal were measured, and the average 
thereof was defined as a crystal grain diameter. Table 2 
includes the results. 

Referring to Table 2, the average of the grain diameter 
of metallic crystals in the non-joined portion was 46.3 (xm, 
whereas that in a joined portion (molten portion) was 857 (m. 
The average of the grain diameter of metallic crystals in 
the joined portion (molten portion) was about 20 times 
(1,851%) of the average of that in the non- joined portion. 
This result showed that the coarsening significantly 
proceeded . 

[Sputtering experiment using target in Comparative 
Example ( 2 ) ] 

In order to evaluate the sputtering stability, the 
count of abnormal discharges was measured. In the saime 
integral discharging power consumption as that in Excimple 

(2) of the present invention, the count of abnormal 
discharges was larger than that in Example (2) of the 



present invention. The possible reason was that the surface 
of the target in Comparative Example (2) had large 
irregularities because of the coarsening of crystal grains . 
As a result, the abnormal discharges were increased. 

In a film formed with the target in Comparative Example 
(2), the variation in the film thickness was represented by 
the average ± 10%, which was larger than that in Example (2) 
of the present invention. 

Industrial Applicability 

The present invention is constituted as described above 
and can provide a sputtering target prepared by the butt 
Joining of metal sheets being made of the same material. 
Even when the target is applied to a large sputtering target, 
the particle diameter and the dispersion state of metallic 
crystals or an intermetallic compound in a joined portion 
are approximately the ssune as those in a non- Joined portion 
of the target. 

The realization of this large sputtering target having 
a uniform structure allows large liquid crystal displays 
with high performance to be produced. 



